Biomimetic three-dimensional cultures significantly increase hematopoietic differentiation efficacy of embryonic stem cells.
Stem cell-based tissue engineering is a promising technology in the effort to create functional tissues of choice. To establish an efficient approach for generating hematopoietic cell lineages directly from embryonic stem (ES) cells and to study the effects of three-dimensional (3D) biomaterials on ES cell differentiation, we cultured mouse ES cells on 3D, highly porous, biomimetic scaffolds. Cell differentiation was evaluated by microscopy and flow cytometry analysis with a variety of hematopoiesis- specific markers. Our data indicate that ES cells differentiated on porous 3D scaffold structures developed embryoid bodies (EBs) similar to those in traditional two-dimensional (2D) cultures; however, unlike 2D differentiation, these EBs integrated with the scaffold and appeared embedded in a network of extracellular matrix. Most significantly, the efficiency of hematopoietic precursor cell (HPC) generation on 3D, as indicated by the expression of various HPC-specific surface markers (CD34, Sca-1, Flk-1, and c-Kit) and colony-forming cell (CFC) assays, was reproducibly increased (about 2-fold) over their 2D counterparts. Comparison of static and dynamic 3D cultures demonstrated that spinner flask technology also contributed to the higher hematopoietic differentiation efficiency of ES cells seeded on scaffolds. Continued differentiation of 3D-derived HPCs into the myeloid lineage demonstrated increased efficiency (2-fold) of generating myeloid compared with differentiation from 2D-derived HPCs.